Study aim: the purpose of the study was to compare foot shapes in early school-age boys and girls. Material and methods: the study included 90 boys and 98 girls aged seven to nine years old. The shape of the foot arch was examined using a podoscope. The longitudinal arch was assessed according to the Clarke angle value on the basis of Kasperczyk's classification. The transverse arch was assessed according to the Wejsflog index. An analysis of variance, a post-hoc LSD test and a chi-square test were performed. Results: normal transverse arches in both feet appeared in 84% of the examined children. An analysis of the average value of the Wejsflog index showed that it is similar and within limits in all of the test groups indiscriminately when it comes to gender and age. Normally, longitudinal arches in both feet occurr in 44% of children. The average value of Clarke's index in a test group of school-age girls was within normal range while a functionally flattened foot appeared in the case of seven and eightyear-old boys. Conclusions: the outcomes of the present study conducted on a randomly chosen group of developing boys and girls show that changes in foot structure are mostly symmetrical in nature (almost 90%), meaning that if the left foot is normal, the right one is normal, too. Gender had no effect on the foot build or arch type in either foot. The right and left feet showed symmetrical structure in the majority of the children.
Introduction
For many years, the dimensional relationship between the foot and other parts of the body has been the subject of many anatomy and anthropology research studies. This publication is one of these studies; however, the importance of children's feet in the scope of morphological asymmetry has not yet been explored.
In the course of ontogenetic development, so-called "critical and sensitive periods" appear. This concept describes phases in which we can observe increased sensitivity to external stimuli. One critical period that is important for the development of the shape of the foot arch is that of early school-age and preschool. In both the development of the structure of the foot and its arch, there is potential for sexual dimorphism and morphological and functional asymmetry [1, 13, 17, 18, 29, 32] .
All children are born with "flat feet" under the physiological definition. However, Kanatli et al. [16] and Villarroya et al. [30] believe that the definition of "flat foot" is not standardized. Although there is a general consensus that the height of the medial longitudinal arch is the principal observed and measured parameter, foot flatness in children is also the result of extensive midfoot plantar fat pad thickness [4] , which masks the actual set of structures relative to each other. This midfoot plantar fat pad thickness disappears by the time a child is five years old [18, 19, 26] . Bertsch et al. [3] and Hallemans et al. [14] indicate that the longitudinal arch fat pad plays a crucial role in protecting the paediatric foot from overloading. The most intensive changes in the shape of the foot arch occur between the ages of two and six [3, 10, 18, 30] . Progressive development of the shape of the foot arch ends by about 12 years of age in most girls and 15 years of age in boys, although bone ossification does not end until the fifteenth year of age in girls and the eighteenth year of age in boys [8, 28] . This development has a certain autonomy compared to overall somatic development [6, 25] .
Evaluation of the proper shape of the foot arch is important from a diagnostic point of view. The information from this study may be useful in a diagnostic sense to characterize health problems in the young generation, but should also be invaluable in helping determine prevention programs. Based on these results, we can create effective recommendations to correct defects in foot morphology. Therefore, the purpose of this study was the assessment of foot structure in early school-age children, taking into consideration the longitudinal and transverse arches in a weight-bearing position with respect to gender and age. The experiment also included the assessment of the occurrence of foot deformities in the studied children.
Material and methods

Participants
The research involved 188 primary-school children from the city of Wroclaw. Gender distribution in the study population was 90 boys and 98 girls aged seven to nine (early school-age). The participants were divided into three groups based on age: seven years old, eight years old and nine years old. Each age group had 30 boys, while the number of girls varied: 32 were seven years old, 31 were eight years old and 35 were nine years old. In this school period, compared to children aged 10 to 14 years old, the children participate in regular, low intensity and unstructured forms of physical activity. These are mainly various forms of games and play activities lasting 45 minutes, twice a week. The studied children had no innate foot deformities. In total, the feet (left and right) of 376 children were examined under weight-bearing conditions. The measurement was carried out prior to any sports activities that could have changed the result (i.e. due to foot overload from physical exercise). The main goal of the study and the experimental procedures to be undertaken were explained in detail to the children's parents. Informed consent from parents was obtained before the experiment began. The experimental protocol of the study was approved by the local Ethics Committee.
Measurement procedure
The structure of the foot was examined in an upright (standing) position using a podoscope. The measurements were carried out using an advanced tool for digital analysis of footprints and plantar loads consisting of both a digital camera (videography 2D) and a high resolution podoscanner (Podoscope -Podo-scanner 2D, Sensor Medica, Rome, Italy). In addition to an accurate plantocontourogram, we collected information on the spatial formation of the foot arch. The participants stood barefoot on the measurement device with feet 5 cm apart in a relaxed position and hands at the sides. The plantar region of the foot was measured when the load was exerted evenly on each foot. In order to maintain a stable posture and get an accurate measurement, two footprints each of the right and left foot were taken to obtain a permanent image of the plantar surface of the foot. In order to make the measurement repeatable, the footprint picture was taken under specified conditions (equal parameters of the optic system, constant measurement distance, horizontal placement of the camera and identical position of subject during examination). Before the measurement, the location of the five metatarsal heads was marked for each participant.
Free
Step software (Sensor Medica, Rome, Italy) allowed us to capture and store the images, automatically measure the spatial formation of foot arches (changes in longitudinal and transverse arch) and angles (the Clarke index, heel angle Gamma, hallux valgus angle) and compare possible asymmetries (the relation between the length and width of the foot -the Wejsflog index). To characterize the degree of flat-footedness, each child's arch height was estimated from the footprints. The longitudinal arch was assessed according to the Clarke index value on the basis of Kasperczyk's classification [24] : a range below 28 degrees characterizes a substantially flat foot; 28-40 degrees characterizes a functionally flattened foot; 40-51 degrees characterizes a normally arched foot; over 51 degrees characterizes hollow arches (feet with excessively high arches). The transverse arch was assessed according to the Wejsflog index. The correct quotient of foot length to foot width is 3:1 [24] . Values between 2.55 and 3.00 designate a normal arch (healthy transverse arch), and values between 2.00 and 2.50 denote transversely flat feet [24] . In this study, V Cramér rate was used. This rate is a measure of the association between two nominal variables. In addition to these measurements, basic anthropometric measurements including body mass, body height and BMI were taken, as well as measurements of both feet including length, width, heel width and foot surface.
Statistical analysis
The mean and standard deviation (SD) were calculated. A comparison of mean-value results among several groups (depending on subjects' gender and age) was performed using the factorial analysis of variance (age × sex) for repeated measurements (right and left foot) and a posthoc LSD test. A chi-square test (χ²) with a critical value of p = 0.05 was used to evaluate the frequency of the appearance of different types of foot arch formations in the examined girls and boys and to show the relationship (or lack thereof) between the type of foot arch in the left and right feet. The level of statistical significance was set at α = 0.05 and is indicated in bold. The results were analysed using Statistica v9.1.
Results
According to the subject literature in the field of anthropology, the average values of somatic parameters increase with age among both boys and girls ( Table 1 ).
The analysis of the mean values of the length and width of the feet, the width of the heel and the area of the foot's contact surface revealed increases in these parameters with age. The exception to this was the width of the heel in examined girls, which had similar mean values regardless of age. The analysis of parameters in age categories performed separately for girls and boys showed higher values in male groups than in female groups ( Table 2) .
The results of the analysis of variance on repeated measurements of inter-gender and age differences of the selected foot dimensions, arch angles and arch indexes of the examined children's feet are presented in Table 3 . After taking gender into account, statistically significant differences were limited only to the Wejsflog index (p = 0.0200).
In terms of age, statistically significant differences were reported in the valgus angle of the big toe (p = 0.0133) and width of the heel (p=0.0226). The influence of age and gender on the variance of repeated measurements showed that only the width of the heel was statistically significant (p = 0.0218) ( Table 3) .
The largest number of statistically significant differences between boys and girls was observed in the group of nine-year-old children. Differentiating parameters included the length of both feet, the width of both feet, the width of both heels and the area of the contact surface of the left foot (Table 4) . Statistically significant differences between the width of the left and right feet occurred in the group of seven- mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD mean ± SD Table 2 . Basic statistics of surveyed children's foot's morphological structure year-old girls. Another set of differences was investigated in groups of seven -and eight-year-old girls in relation to the width of both heels and, in the case of the nine-yearold girls, the area of the contact surface. When it comes to the discussed parameters, there were basically no statistically significant differences between the morphological structure of the left and right feet of the surveyed population of boys (Table 4) . In all age groups among both boys and girls, the value of the valgus angle of the big toe was within the normal range. The mean value of this angle decreased with age with the exception of the left foot in nine-year-old girls (Table 2) . Statistically significant differences between the left and right valgus angle of the big toe were observed only in the case of the seven-year-old boys ( Table 4 ). The analysis of the varus angle of the V toe exceeded the normal range for this parameter. Greater values of the varus deformity were observed in the male groups than in the female groups (Table 2) . Statistically significant differences between the left and right varus angle of the V toe were observed only in the case of the nine-year-old boys ( Table 4 ). The value of the heel angle was similar in the test groups and decreased slightly with age (Table 2) . Statistically significant differences between each foot were found in groups of seven -and eight-year-old girls and eight-year-old boys. In the discussed cases, the difference in angle parameters between genders was statistically significant only in the case of the right heel angle in groups of seven-year-old children (Table 4 ). An analysis of the average value of the Wejsflog index showed that it is similar and within limits in all of the test groups indiscriminately when it comes to gender and age (Table 2) . Statistically significant differences between genders occurred in sevenyear-old children in the case of the left foot and in the seven-year-old girls concerning differences between the left and right feet ( Table 4 ). The average value of the Clarke index in the test group of school-age girls was within normal range, while the case of seven -and eight-year-old boys showed the presence of a functionally flattened foot (Table 2) . Statistically significant differences between genders occurred in the case of seven-year-old children and eight-year-old children in case of left feet. Statistically significant differences between the right and left feet were observed in the case of eight-year-old boys and nine-yearold girls (Table 4) . There was a statistically significant increase in the length and width of the foot, the width of the heels and the area of plantar pressure in relation to age without regard to gender and feet. The Clarke index value increased with age, especially in the boys' groups ( Table 5) .
Most of the studied children (over 50%, excluding the eight-year-old boys) presented a normally arched foot, taking into account the distribution by age group, gender and the left and right feet. The largest number of participants with a normal foot arch was among the eight-yearold girls (74%) and concerned only the left foot. The lowest percentage (37%) of normally arched feet was among eight-year-old boys and also concerned the left foot. The second kind of longitudinal arch of the foot which prevailed among the examined children was the functionally flattened foot. This type of arch was present among 40% of the eight-year-old boys. An interesting observation was made concerning the hollow foot for nine-year-old girls and boys, as the value reached 20%, but only for the right foot ( Figure 1 ). For the transverse foot arch, over 80% of the studied population was judged as having a normally arched foot. This statistic covers all of the boys and girls from seven to nine years of age without dissimilarities regarding the left and right feet, with one significant exception in the case of seven-year-old boys. The largest percentage of properly arched feet was found among the right feet of nine-year-old boys at 97%; the left-foot value was only 3% smaller. Meanwhile, the test group of nine-yearold girls had a higher percentage of properly arched feet regarding the left foot (97%), with a slightly lesser percentage in the right foot (94%) (Figure 2) .
In turn, the χ 2 test showed no association between the type of foot build and sex for either the right or left foot. A total of 84% of the examined children had normal transverse arches in both feet. Feet that were flattened laterally on both sides were observed in 6% of the children, while 5% of them only had a laterally flattened right foot; the presence of the same characteristic in only the left foot was found in 4% of the cases. Normally, longitudinal Table 5 . Comparison of post-hoc tests on average value of parameters analyzed by LSD test for differences in case of boys and girls age groups; probabilities p<0.05 are marked bold arches in both feet occur in 44% of children. It was found that both feet of 6% of the examined children were substantially longitudinally flat, 9% had feet that were flattened functionally and 3% had hollow feet. In the case of the remaining 38% of children from the test group, one of the feet possessed a regular longitudinal arch while the other foot was marked by one of the flaws noted above.
Discussion
The aim of this study was to assess the shape of the feet of early school-age children, considering the longitudinal and transverse arches in a weight-bearing position depending on gender and age. Many authors believe that the preschool and early school period is critical for posturogenesis, which determines the quality of posture and the arch shape of the feet [11, 25, 28] . During the early school-age years (seven to nine years), the posture of girls and boys is characterized by low sexual dimorphism [10] . Based on our review of the literature on the development of the medial longitudinal arch, we can distinguish the age range (three to fifteen years) where the essential changes occur [15, 17, 27] . Moreover, greater differences and higher mean values of arch sizes in both feet were observed in girls than in boys. This is related to the occurrence of sexual dimorphism in children. The highest increase of the mean value of the Clarke index was observed in children of early schoolage. Prior studies have shown a trend of lowering the age range in which significant changes in feet morphology occur [5, 10, 12] . Our study confirmed this observation.
No significant differences were observed in the shape of transverse arches between boys and girls in each age category for either the left or right foot. With age, the shape of transverse arches decreases, as is evidenced by an increase in the value of the Clarke index. The feet of most children have been properly developed and occur between 2.55 and 3.0 on the basis of Kasperczyk's classification [24] , which indicates a normally arched foot. It was also observed that the Clarke index values reveal normal longitudinal arches (ranging between 40-51 degrees for both left and right feet) for all girls. A functionally flattened foot (28-40 degrees) appeared predominantly in sevenand eight-year-old boys. Only a majority of nine-year-olds showed a normal arch.
Some authors have shown that a higher percentage of girls have feet with the proper medial longitudinal arch, while a higher percentage of boys have functionally flattened feet. It was therefore concluded that the longitudinal arch of the foot is better developed in seven -and eight-year-old girls compared to boys of the same age [11, 15, 17] . Also, further studies indicate a greater proportion of flat feet in boys than in girls (between five and thirteen years), a trend which decreases with age. The same findings were observed between three and six years of age in the case of bilateral flat feet [6, 7] . One of the reasons that boys have more flattened feet at the age of four is the existence of a thicker fat pad under the medial longitudinal arch [18] .
A separate analysis of arch parameters in our study, conducted within individual age groups, showed a certain trend in the shaping of foot arches. The older the children were, the smaller the chances for improvement of their transverse arches were. The best transverse foot arches were observed in the nine-year-olds, and the worst were observed in the seven -and eight-year-olds for both the left and right feet. The opposite was observed in the case of longitudinal arches in children of different age groups.
The lowest value of normal feet was observed in the eightyear-old boys (50% and 36% respectively for the right and left foot). The highest values among functionally flattened feet were observed among the eight-year-old boys, too (36% and 40% respectively for both the right and left feet).
The literature has shown significant differences between the right and left feet of children aged five to seven years, both in normal and flattened feet [21, 22] . In the group of seven-year-old girls, a greater proportion of feet with normal longitudinal arches was observed [12] . However, different results were found in previous studies in which only seven-year-old boys were characterized by the normal construction of the longitudinal foot arch [2] . Also, in the same study, there were no flattened feet in children aged seven to ten years, which our study did not confirm. After considering ontogenetic development, we can assume that the shaping process of the longitudinal arches of girls' feet appears to move faster than in boys. According to Mickle et al. [18] , the development of the medial longitudinal arch may progress at a slower rate in boys than in girls.
In our study, an improvement was observed in both longitudinal and transverse arches as children got older. A significantly higher percentage (approximately 84%) of properly developed feet (with normal arches) was identified among transverse arches for both boys and girls.
The literature devotes much less attention to the characteristics of the transverse arch. The changes in the developmental age within this feature are rarely recognized. Some studies [6, 25, 29, 31] demonstrate that flattened feet, both longitudinal and transversal, occur at similar rates in about 10-15% of cases. It was also found that this defect occurs more often in girls than in boys in the right foot in both weight-bearing and non-weight bearing positions [21] . In addition, a correlation was observed between the length of the foot, body height and the transverse arch [23] . The transverse arch can be assessed on the basis of the Wejsflog index and heel angle. A heel angle of 18° indicates a transverse flat foot, while values between 15 and 18° are within the normal limits. More than half of the population of children between seven and ten years of age had feet with a correct transverse arch [18, 27] . In another age range, the angle of the heel had different values. Less than half of children aged four to twelve years were found to have a normal transverse arch [2] .
Our study confirmed all of these results. Among the studied children, most had a normally arched foot, taking into account the distribution by age group, gender and both the left and right feet. The second kind of longitudinally arched foot which prevailed among the surveyed children was the functionally flattened foot. In the transverse foot arch, the highest percentage of the studied population (about 84%) showed normal feet; this group was dominated by both boys and girls from seven to nine years of age, divided into the left and right feet.
Differences in the structure of the left and right feet can result from age, activity, body mass, multiple and often repetitive injuries such as sprains, dislocations, etc., as well as various types of diseases and complications after treatments [9, 20, 33] . The results of the present study conducted on a randomly chosen group of developing boys and girls show that changes in feet structure are mostly symmetrical in nature (almost 90%), meaning that if the left foot is normal, the right one is normal, too. Only in a small percentage of the examined people did the right foot have a different type of arch than the left foot.
Conclusions
The evaluation of the appearance of differences in foot build between right and left feet showed no influence of gender on the type of arch. The results of the χ 2 test showed that the right and left feet of the examined group of children in relation to each other and each other and to the general population showed a symmetrical structure.
